During a 24-month period, 5,625 blood culture specimens were collected at the Seattle Veterans Administration Medical Center in 20-ml volumes and divided into separate 10-ml aliquots. The two aliquots were processed as duplicate sets (set 1, set 2) by the BACTEC system (Johnston Laboratories, Inc., Towson, Md.).
There have been a number of reports in the literature concerning the relationship between the volume of blood drawn for culture and the resulting yield of significant isolates (2, 4, (8) (9) (10) (11) . In all, however, one or more extraneous variables that might bear on the outcome of the study, such as bottle type (2, 4, 10, 11) , medium composition (4, 9), atmosphere of incubation (4, 11) , and blood-to-broth ratio (8) , remained uncontrolled. Moreover, no previous studies have been conducted which specifically addressed this issue in the BACTEC radiometric detection system (Johnston Laboratories, Inc., Towson, Md.). To assess the relationship between blood volume cultured and the sensitivity of detection of significant bacteremia by the BACTEC system, the volume of blood samples drawn for culture at During the period of the study, house officers and nurses were instructed to collect three 20-ml blood specimens at 60-min intervals from all patients with suspected sepsis. Aliquots (5 ml) were injected into each of two aerobic (6B) and two anaerobic (7C/D) vials at the bedside. For specimens of less than 20 but more than 12 ml, the phlebotomists were instructed to aliquot the specimen equally into each of the four vials. Specimens of less than 12 ml resulted in incomplete sets and were excluded from the study. The vials were sent to the laboratory within 30 min of collection.
In (6) . Antimicrobial susceptibility testing was performed by the Kirby-Bauer disk diffusion technique (7) .
Since all four vials were inoculated from a single 20-ml sample and then pairs of vials (6B, 7C/D) were arbitrarily assigned to set 1 or set 2 in the laboratory, the two sets were considered equivalent and randomized. The episodes in 177 patients. During 89 of the bacteremic episodes, three or more sets suitable for inclusion in the study were collected. In 81 and 28 of the episodes, two and one complete set(s), respectively, were received.
The total number of isolates and the number of isolates recovered in each organism category were similar for both sets (Table 1 ). There was no significant difference in the time to detection of 250 organisms recovered from both sets ( Table 2) . Although the range of isolates recovered from the aerobic (6B) and anaerobic (7C/D) vial in each set differed (Fig. 1) , the percent yield of total isolates for each set was similar.
The addition of the second set of BACTEC vials to the routine blood culture procedure resulted in the detection of an additional 20 bacteremic episodes, 52 positive cultures, and 65 significant bacterial isolates. Two or more culture sets were collected from 17 bacteremic episodes that would have been missed by the deletion of set 2, and three or more were collected from 7 of the episodes. An additional 25 isolates were recovered at least 12 h earlier in set 2 than in set 1. If the yield of set 1 is taken as 100%, set 2 enhanced the detection of bacteremic episodes by 10.1%, positive cultures by 15.2%, and microbial isolates by 17.2%. The increased isolate yield was particularly notable for Escherichia coli (30.0%), anaerobes (42.1%), and yeasts (33.3%) (Fig. 2) . When the earlier detection of bacterial isolates afforded by the addition of set 2 was considered, 90 (23.7%) of the total 379 isolates were recovered first or exclusively by set 2.
DISCUSSION
There have been a number of reports in the literature concerning the relationship between specimen volume and yield of conventional blood culture systems. All have shown the sensitivity of the culture procedure to be volume dependent, particularly in the recovery of gram-negative bacilli. Two groups of investigators, Sandven and Hoiby (9) and Tenney et al. (11) , evaluated the comparative yields of 2-and 5-ml samples of blood. They reported that isolate recovery increased 6.2 and 5.8%, respectively, for each additional milliliter of blood cultured. Hall and co-workers (2) cultured 5-and 10-ml aliquots in similar vented bottles and demonstrated a 2.6% increase in yield per additional milliliter of specimen volume. A more recent analysis from the Mayo Clinic, with three 10-ml aliquots, showed a similar incremental yield (4). In none of these studies, however, have ail variables affecting the sensitivity of the culture procedure, such as blood-to-broth ratio, medium, atmosphere of incubation, and processing methods, been rigidly controlled. In the best controlled study (11) , the type of broth container used for the two blood aliquots differed, resulting in the vent of the smaller tube of medium being closer to the surface of the broth than that of the larger bottle. The tube of medium with the better aeration of the exposed surface area recovered significantly more fungal isolates per volume of blood cultured, emphasizing that, even in this study, factors other than specimen volume affected the study outcome.
To date, no controlled prospective study has been published which specifically deals with the relation of specimen volume to yield in the BACTEC system. The increased yield associated with larger specimen volume in conventional culture systems has been largely restricted to the recovery of gram-negative bacilli, a category of organism for which the BACTEC has proven to be highly satisfactory (1). Nevertheless, concern has been expressed that the limited capacity of the BACTEC vials (recommended sample size, 3 to 5 ml per vial) might render the system less sensitive than methods accommodating larger specimen volumes (1) . Indirect data bearing on the relation of yield to specimen volume in the BACTEC system have been reported recently by two groups of investigators (5, 12). Kellogg and co-workers (5) found that the yield of isolates from BACTEC vials inoculated with 3 and 5 ml of blood relative to that achieved with the 10-ml Isolator (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.) did not differ substantially. In contrast, Wicher and Koscinski (12) found that the addition of either a BACTEC 8A hypertonicc) vial or a thioglycolate medium to the routine 6A (aerobic) and 7B (anaerobic) vials significantly enhanced the recovery of blood isolates. As the increased yields afforded by the 8A and thioglycolate media were similar, the author concluded that they were largely related to the increased volume of cultured blood. We undertook this study to test this latter hypothesis. By having the clinical staff inoculate 5 ml of blood into each of two identical aerobic and anaerobic vials at the bedside, arbitrarily assigning one aerobic and one anaerobic vial to each of two sets in the laboratory, and then processing the two sets in an identical manner, we hoped to avoid the confounding variables present in the volume studies described above. Our results suggest this was accomplished. The overall recovery rates for the two sets were the same (82.8 and 83.1%), and no isolate or group of isolates was recovered significantly more frequently by either blood set. Furthermore, for the organisms recovered in both sets of blood, detection time in each set was similar.
The addition of the second set of vials increased detection of bacteremic episodes by 10.1%, significant positive cultures by 15.2%, and significant microbial isolates by 17.2%. A total of 90 of the 379 (23.7%) total isolates were detected first or exclusively by the second set of BACTEC vials. Culture of the additional 10 ml of blood particularly enhanced the recovery of E. coli (30.0%), anaerobes (42.1%), and yeasts (33.3%). Interestingly, only 14.3% more pseudomonads were recovered. In both the study reported by Hall et al. (2) recovery of gram-negative bacilli was due largely to the enhanced detection of bacteremia caused by pseudomonads. In the BACTEC system, the aerobic vials are shaken for the first 24 h of incubation. It is conceivable that this enhances the recovery of obligate aerobes such as the pseudomonads and minimizes the advantage of additional specimen volume. Alternatively, it may reflect the advantage of the larger initial volume of blood cultured in our study.
The incremental increase in isolate yield (1.76%/ml of blood) seen in our study is smaller than that reported by other investigators. This may be related, at least in part, to the fact that we used larger volumes of blood than did Sandven and Hoiby (8), Tenney et al. (11) , and Hall et al. (2) . However, our incremental yield was also smaller than that reported by the one study with comparable volume (4) , suggesting that the BACTEC system may be slightly less volume sensitive than many conventional systems.
Shanson et al. (10) have reported that the time to detection of viridans group streptococcal bacteremia is decreased by increasing the volume of cultured blood from 15 to 45 ml. In our study, 25 of the 250 isolates recovered from both sets of BACTEC vials were recovered at least 12 h earlier by the second set; no detection of a single isolate or group of isolates was particularly enhanced. Our study thus confirms the work of Shanson et al. and suggests that the effect reported is not species dependent.
Finally, we showed that the increased sensitivity afforded by larger specimen volumes was largely independent of the medium used. Although the spectrum of organisms recovered in the aerobic and anaerobic vials clearly differed (Fig.  1) , the number of isolates recovered by each differed only slightly. In fact, the number of isolates recovered from any combination of two vials and any combination of three vials was essentially the same.
In conclusion we have shown, in a carefully controlled study, that the sensitivity and detection time of the BACTEC radiometric system are, like those of the conventional systems tested before it, volume dependent. An increase in the specimen size from 10 to 20 ml in the BACTEC system currently requires the addition of two extra vials to the blood culture procedure at a substantial increase in cost. The overall cost-effectiveness of this system vis-à-vis conventional systems is, however, maintained by the significant decrease in the personnel cost of processing blood cultures afforded by this system. It is also possible that the larger volume of blood drawn may decrease the total number of samples required to detect most bacteremias (7a; J. J. Plorde, unpublished data).
